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TRANSDUCER FOR MEASURING ROTARY 
DISPLACEMENT OF AN OBJECT 

BACKGROUND OF THE INVENTION 

The invention relates to electrical apparatuses for 
converting the relative motion of an object into an elec 
trical signal and more particularly to an improved in 
ductive transducer for measuring rotary displacement. 

In the ?eld, it is often necessary to convert a position 
of an object relative to an origin into an electrical signal. 
This output signal, which can be analog or digital is 
often then fed into other electrical devices. In process 
monitoring systems, for example, the signal can be in 
putted into an electrical indicator which outputs a dis 
play of the required data. Such data may include liquid 
pressure, linear position, tension, or any other like mea 
surement. In process control systems, for example, the 
electrical signal can be used as feedback and inputted 
into the controller which acts, based on the nature of 
the signal, to control the position of the object relative 
to an origin. _ 

Applications exist for inductive based measurements 
of linear displacement of a probe. In a device such as 
that disclosed by US. Pat. No. 4,667,158 to Redlich, the 
linear displacement of a metallic cylindrical core within 
a helical coil of wire causes corresp'onding changes in 
the amplitude of the voltage signal imposed across the 
coil. This voltage signal is then demodulated by a half 
wave recti?er including a diode, a resistor and a low 
pass ?lter. A reference signal is demodulated by a sec 
ond identical half-wave recti?er. The demodulated 
reference signal and the demodulated coil voltage signal 
are fed into the inverting and non-inverting inputs of a 
differential ampli?er having an output which drives an 
electrical indicating instrument. 

In a similar device, such as that shown in US. Pat. 
No. 3,513,408 to McGee, the movement of a tapered 
magnetic core with respect to a ?xed coil of wire causes 
changes in the inductance of the coil. These changes in 
inductance determine the frequency of an oscillator, 
and the frequency output of the oscillator is converted 
by a demodulator circuit into a digital signal or an ana 
log output voltage. In order to maintain linearity, the 
McGee transducer depends on the use of the tapered 
core. 

Additionally, applications exist for inductive-based 
measurements of an object subjected to rotary displace 
ment. For example, there are measurements requiring 
knowledge regarding the magnitude of displacement to 
which a shaft is subjected. In one common arrange 
ment, a potentiometer is employed to determine angular 
displacement of the shaft. A disadvantage inherent with 
this arrangement is that components of the potentiome 
ter, such as brushes, are continually subjected to wear 
and tear, and thus eventually fail. 

SUMMARY OF THE INVENTION 

According to the present invention, an inductive 
displacement transducer is a provided which uses probe 
capable of being disposed within a partially toroidal coil 
having a hollow interior portion in which the probe can 
be displaced. The partially toroidal coil is connected 
electrically in parallel with a stable frequency current 
based oscillating circuit which transmits an AC voltage 
oscillating signal responsive to the inductance of the 
partially toroidal coil. Additionally, a demodulating 
circuit, which is capable of converting the AC voltage 
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2 
oscillating signal to a DC voltage level, is connected in 
parallel with the oscillating circuit. 

In one preferred embodiment, the probe is curved 
along its central axis and the radius of curvature of the 
coil is similar to that of the curved longitudinal axis of 
the coil so that the probe can be readily inserted and 
withdrawn from the coil. Additionally, an arrangement 
is provided for automatically inserting the probe into 
the hollow interior portion of the partially toroidal coil. 
In particular, the arrangement includes a shaft having 
?rst and second ends which are respectively connected 
to a mounting member and a probe. The probe is prefer 
rably aligned along an axis that is substantially co-exten 
sive with the curved longitudinal axis of the partially 
toroidal coil so that upon rotation of the shaft through 
a predetermined arc, the above-mentioned automatic 
insertion is achieved. 

During operation, rotary displacement of the probe 
within the coil results in changes in the inductance of 
the partially toroidal coil. A change in inductance re 
sults in a corresponding change in the AC voltage am 
plitude of the signal output of the oscillating circuit, 
which in turn is communicated to the demodulating 
circuit. A DC voltage level corresponding to the linear 
or non-linear change in the voltage amplitude of the 
signal output of the oscillating circuit is outputted by 
the demodulating circuit. 

In one aspect of the invention, the probe can include 
various probe types which are used to enhance the 
sensitivity and/or the ?exibility of the transducer. For 
example, various probe shapes, and more particularly 
probe surfaces, can be employed to alter either the 
linearity or non-linearity of the transducer response. 
Additionally, a curved, tapered probe, a substantial 
portion of which can be extended through the coil, may 
be used to maximize the range over which measure 
ments are achieved. 
Numerous advantages of the present invention will be 

appreciated by those skilled in the art. 
One advantage of the invention is that it presents a 

particularly economical way to achieve accurate mea 
surements of rotary displacement. In particular, a trans 
ducer which maximizes sensitivity while minimizing 
production costs is provided. For example, due to the 
design of the transducer, its components are subjected 
to very little wear during operation. Hence, the trans 
ducer is durable and has a long life. Additionally, sensi 
tivity can be enhanced by many orders of magnitude 
when a probe constructed from a plurality of wires is 
used. 
Another advantage of the transducer is that it pro 

motes simplicity of design on both structural and proce 
dural levels while maintaining highly desirable levels of 
measurement capability. It is particularly signi?cant 
that the transducer eliminates many of the inefficiencies 
and/or dif?culties encountered when making inductive 
based measurements requiring non-linear response. Ac 
cording to the present invention, measurements of non 
linear response are easily made by the transducer with 
out any need to alter the transducer circuitry. More 
speci?cally, non-linear measurements are effectively 
achieved by simply recon?guring an edge of the probe 
member. 
Yet another advantage of the invention is that the 

probe can be inserted into the hollow interior portion of 
the partially toroidal coil in response to the pivoting of 
a shaft about an axis. Use of a pivoting arrangement 
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advantageously allows for convenient and precise inser 
tion of the probe. 
These and other features, advantages and objects of 

the present invention will be further understood and 
appreciated by those skilled in the art by reference to 
the following written speci?cation, claims and ap 
pended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially diagramatic, partially perspective 
view of an inductive displacement transducer embody 
ing the present invention; 
FIGS. 2-7 illustrate perspective views of probes used 

to expand capability of the transducer; 
FIG. 8 is an end view of a probe constructed from a 

plurality of wires; 
FIG. 9 is a partial, longitudinal cross-sectional view 

of the probe of FIG. 8 taken along the plane 9-9; and 
FIG. 10 illustrates a partial perspective view of FIG. 

1 with a pivoting arrangement, which pivoting arrange 
ment is used to insert one of the probes into a hollow 
portion of a partially toroidal coil. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

It is to be understood that the invention described 
below may assume various alternative orientations and 
step sequences except where expressly speci?ed to the 
contrary. It is also to be understood that the speci?c 
devices and processes illustrated in the attached draw 
ings, and described in the following speci?cation, are 
simply exemplary embodiments of the inventive con 
cepts de?ned in the appended claims. Hence, speci?c 
dimensions, and other physical characteristics related to 
the embodiments disclosed herein are not to be consid 
ered as limiting, unless the claims by their language 
expressly state otherwise. 

Referring to FIG. ‘ 1, the inductive displacement 
transducer embodying the present invention is desig 
nated by the numeral 10. The transducer 10 includes a 
coil arrangement 12 and an oscillating circuit 14. In one 
example, the coil arrangement includes a coil 16 having 
a hollow interior portion 17, which coil 16 is wound in 
the shape of a partial toroid. That is, the coil 16, as best 
illustrated in FIG. 1, is wrapped in the form of a semi 
circle, i.e. a partial toroid. Additionally, the coil 16 is 
disposed along a curved longitudinal axis 18, and in 
order to generate a magnetic ?eld, the coil is made of a 
conductive material through which current can readily 
be transmitted. Finally, the coil 16 may, in one example, 
have a length ranging from 1 in.-25 in. and a diameter 
ranging from 0.1 in.-0.5 in. 
The oscillating circuit 14, which is disposed electri 

cally in parallel with the coil arrangement 12, includes 
conventional componentry and is designed to produce a 
sine wave having a frequency vand a current amplitude, 
both of which are constant. A demodulating circuit 20, 
which is also constructed of known componentry is 
disposed electrically in parallel with the oscillator cir 
cuit 14. It has been found that desirable demodulation 
can be achieved by using the demodulator circuit of 
US Pat. No. 4,667,158 to Redlich, which is incorpo 
rated by reference herein. The demodulating circuit 20 
is designed to output a DC voltage that is linearly re 
lated to the voltage amplitude of the sine wave output 
of the oscillating circuit 14. 
As explained in further detail below, operation of 

transducer 10 depends on the use of a probe which may 
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assume various shapes. Referring to FIGS. 2-4, probes 
22, 24 and 26, which assume various cross-sectional 
shapes, are illustrated. In one example, each of probes 
22, 24 and 26 has a uniform cross-sectional area 
throughout its curved longitudinal axis 28, and as illus 
trated by FIGS. 2-4, the cross-sectional shapes of 
probes 22, 24 and 26, as viewed along their transverse 
cross-sections are round, square and triangular, respec 
tively. 

Referring to FIGS. 5-6, probes 32 and 34, having 
various edge straight surface con?gurations, are illus 
trated. It can be observed that probe 32 has surfaces 35, 
36 that converge at straight edge 37 while probe 34 has 
an undulating edge 38. Referring to FIG. 7, a tapered 
probe 40 is illustrated. The probe 40 has a circular cross 
section with‘ a diameter that varies along its curved 
longitudinal axis 42. In the preferred embodiment, at 
least a portion of probe 40 is capable of being extended 
through the entire length of the interior portion of coil 
16. 

In the preferred embodiment, each of the above de 
scribed probes 22, 24, 26, 32 and 34 is made of ferromag 
netic material. Alternatively, either of probes 22, 24, 26, 
32 and 34 may be made of a non-ferromagnetic material, 
such as aluminum. Experimentation has indicated, how 
ever, that optimum measurements are achieved through 
use of a probe made of ferromagnetic material. 

Additionally, while in the preferred embodiment, the 
probes 22, 24, 26, 32 and 34 are curved about their 
lengths, curved probes are not required to achieve the 
purpose of the invention. Finally, in one preferred em 
bodiment each of the probes 22, 24, 26, 32 and 34 can 
have a radius of curvature that is about the same as the 
coil’s curved longitudinal axis 18. 

Referring to FIGS. 8-9, a probe, which is capable of 
enhancing sensitivity of transducer 10, is designated by 
the numeral 46. In the preferred embodiment, probe 46 
can assume the shape and dimensions of any of the 
probes typically employed, such as probe 22. The differ 
ence between probe 46 and any of the probes discussed 
above is that probe 46 is constructed from a plurality of 
wires 47 which are conventionally bound together. 

, Through experimentation it has been found that steel 
45 

50 

55 

60 

65 

cable having 49 strands, typically found in hardware 
stores, can be employed to achieve desirable measure 
ments. To construct a probe 46 having a speci?c shape, 
applicant has found that it is desirable, but not neces 
sary, to construct the probe 46 with wires of corre 
sponding speci?c shapes. For example: to construct a 
cylindrically-shaped probe 46, such as probe 22, it is 
appropriate to use wires having a round cross-section; 
to construct a rectangularly shaped probe, such as 
probe 24, it may be desirable to use wires having a 
rectangular cross-section; and so on. 

Referring to FIG. 10, a pivoting assembly 48 adapted 
to automatically insert one of probes 22, 24, 26, 32, 34, 
40 or 46 is shown. For ease of discussion, the probe 22 
is shown in use with assembly 48, but it will be under 
stood that pivoting assembly 48 can be used with any of 
the above-described probes. Pivoting assembly 48 in 
cludes a shaft 50 having a ?rst end 52 and a second end 
54. The shaft ?rst end 52 is rotatably mounted to a 
mounting member 56. Since mounting member 56 is 
conventional, it is represented by a blank box. The shaft 
second end 54 is connected to the probe 22. As can be 
recognized, mounting member 56 is spaced radially of 
the coil 16, and is positioned so that when shaft 50 is 
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rotated, the probe 22 travels along a path coextensive 
with the axis 18. 

In one preferred form of operation, in which rotary 
displacement of a probe is to be measured, the above 
described sine wave is produced using the oscillating 
circuit 14 (FIG. 1), and probe 22 is inserted, either man 
ually or by employment of pivoting assembly 48, into 
the hollow interior portion 17 of coil 16. As the axial 
position of probe 22 is altered, the load on oscillating 
circuit 14 is correspondingly altered. To maintain con 
stant current amplitude, the oscillating circuit 14 adjusts 
its voltage amplitude. Since the AC amplitude of the 
output of the oscillating circuit 14 is linearly related to 
the inductance of coil 16, and the DC voltage output of 
the demodulating circuit 20 is linearly related to the AC 
voltage amplitude of the output of the oscillating circuit 
14, the output of the demodulating circuit 20 responds 
linearly with the positional adjustment of probe 22 
along the curved longitudinal axis 18 of coil 16. 

It should be noted that while probe 22 was employed 
to achieve the above-described linear response, use of 
either of probes 22, 24 and 26 would result in the type of 
linear response described above. Additionally, when a 
ferromagnetic probe is employed, the voltage output of 
the demodulating circuit 20 is positive, while, con 
versely, when a non-ferromagnetic probe is employed, 
such as an aluminum probe, the voltage output of the 
demodulating circuit 20 is negative. 

Various capabilities and advantages associated with 
some of the structural features discussed above can now 
be further appreciated. Referring to FIGS. 2-4, probes 
22, 24 and 26 are constructed to provide for linear re 
sponse from the transducer. On the other hand, refer 
ring to FIGS. 5-6, the probes 32 and 34 are con?gured 
to afford non-linear response from the transducer 10. 
More speci?cally, probe 32 is adapted to provide a 
logarithmic relationship between the output of trans 
ducer 10 and probe position, while probe 34 allows for 
a sinusoidal relationship between the output of trans 
ducer 10 and probe position. 

Referring to FIG. 7, it will again benoted that at least 
a portion of tapered probe 40 can be inserted com 
pletely through the interior, hollow portion of coil 16. 
As should be understood, in many commonly employed 
con?gurations of inductive displacement transducers, 
one end of the probe must always be outside of the coil 
and the other end must always be within the coil. In 
these embodiments, the measurable displacement is 
limited by the length of the coil. With the tapered probe 
40 of FIG. 7, the transducer 10 can measure displace 
ment that is much larger than the coil 16 since the extent 
to which the probe 40 can be inserted through coil 16 is 
not limited, as with the configurations mentioned imme 
diately above. Indeed the only limiting factor when 
using tapered probe 40 is the extent to which the cir 
cumference of the probe varies from the top of the 
probe 40 to the bottom of the probe 40. It should be 
appreciated that use of probe 40 allows for measure 
ment of relatively large rotary displacements, particu 
larly when the length (designated as “l” in FIG. 7) of 
coil 16 is small relative to probe 40. For example, when 
the probe 40 is a ring, measurement of rotary displace 
ment can approach 360° if the length of coil 16 is rela 
tively small, and if the probe 40 can be completely in 
serted through the hollow portion 17 of coil 16. 

Referring again to the probe 46 of FIGS. 8-9, it 
should be appreciated that the sensitivity of measure 
ment is dramatically increased as the amount of wires 47 
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6 
employed to construct a given probe 46 is increased. 
More speci?cally, the sensitivity of the transducer 10 
will be increased when it is used in conjunction with a 
probe 46 composed of more than two metal wires 47. It 
has been found that when the probe 46 is constructed 
from a number, n, of wires 47, each of which is substan 
tially uniform, the sensitivity gain of transducer 10, i.e. 
S, will vary as a function of the square root of n accord 
ing to the following equation: 

where: 
S=gain in sensitivity for a probe constructed from a 

plurality of wires. 
n=number of wires used to construct the probe. 
To more fully understand the above relationship, 

consider the following example: a curved cylindrically 
shaped probe, such as probe 22, having a given total 
circumference is constructed of 49 wires. In that case, 
the sensivity of the transducer 10, when used with the 
probe 46, will be seven times greater than if a solid 
probe of the same total circumference had been used 
(i.e. \/49=7). It should be appreciated that the above 
relationship holds true for other probes having trans 
verse cross-sectional shapes which differ from that of 
probe 22. Additionally, the above relationship is appli 
cable, possibly to a lesser degree, even when non 
uniform wires, such as dissimilar or tapered wires, are 
used to construct the probe 46. ~ 
A simple,‘ yet effective, arrangement has been de 

scribed for measuring rotary displacement of a probe. 
The arrangement is particularly durable since its com 
ponents are subjected to little wear and tear. In the 
preferred embodiment, the probes are con?gured to 
allow for a wide variety of measurements when the 
probes are used with the transducer._The probes can be 
inserted into a hollow interior portion of the coil in 
response to the pivoting of a shaft about an axis. By 
constructing the probes with a plurality of wires, sensi 
tivity of the measurements can be substantially en 
hanced. 

In the foregoing description, it will be readily appre 
ciated by those skilled in the art that modi?cations may 
be made to the invention without departing from the 
concept disclosed herein. Such modi?cations are to be 
considered as included in the following claims unless 
those claims, by their language, expressly state other 
wise. 

The embodiments of the invention in which an exclu 
sive property or privilege is claimed are defined as 
follows: 

1. A transducer for measuring rotary displacement of 
an object, comprising: 

a uniformly wound partially toroidal coil for generat 
ing a magnetic field when an electrical current 
passes therethrough, said coil having a predeter 
mined length and an inductance determined in part 
by said length, said coil de?ning a hollow interior 
portion and having a curved longitudinal axis; 

a curved steel probe for changing the inductance of 
said partially toroidal coil in response to the inser 
tion of said probe within said hollow interior por 
tion of said coil along said curved longitudinal axis, 
said steel probe having a radius of curvature sub 
stantially the same as that of said curved longitudi 
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nal axis of said coil, said steel probe further having 
at least one surface coextensive with said predeter 
mined length of said coil which is substantially 
undulatory in shape; 

an oscillating circuit connected electrically in parallel 
to said partially toroidal coil, said oscillating circuit 
being responsive to said change in the inductance 
of said coil to output an oscillating signal having a 
voltage amplitude varying as a function of the 
change in the inductance; 

a demodulating circuit connected electrically in par 
allel to said oscillating circuit, said demodulating 
circuit being responsive to changes in said oscillat 
ing signal of said oscillating circuit to output a 
sinusoidal voltage signal relating to the axial posi 
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tion of said curved steel probe within said hollow 
interior portion of said partially toroidal coil; and 

means for inserting said curved steel probe within 
said hollow interior portion of said partially toroi 
dal coil. 

2. The inductive transducer of claim 1, wherein said 
means for inserting includes: 

a mounting member being spaced radially of said 
partially toroidal coil; and 

a shaft having a ?rst end and a second end, said ?rst 
end being rotatably mounted to said mounting 
member, and said second end being connected to 
said probe, whereupon rotation of said shaft 
through a predetermined arc inserts a portion of 
said probe into said hollow portion of said partially 
toroidal coil. 
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